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PUMP CLEANINQ 

This Invention relates to the field of vacuum pumps. In particular, but not 
stricdiy limited to vacuum pumps with a screw type configuration, 

Screw pumps usually comprl^ two spaced parallel shafts ea<*i carrying 
5 externally threaded rotors, the ^afts being mounted in a pump housing such 
that the threads of Hie rotors intermesh. Close tolerances between the rotor 
threade at the points of intermeshing and with the internal surface of the pump 
body, wh'Kh typically acts as a stetor, causes volumes of gas being pumped 
- between an inlet and an outiet to be trapped between the threads of the rotors 
10 and the Internal surface and thereby urged through the pump as the rotors 
rotate. 

Sorew pumps are widely reganfed as a reliable means for generating vacuum 
conditions In a midtitude of prooe^es. Con8equent^/, they are being applied 
to an increasing number of industrial proceeses. Suoh applteatlons may 

IS Invc^ materials that have 'Hwaxy' or "tetly" properties e.g. tallow based 
plasEicl^iis. In pperatlon of the pump, these products form deports on the 
surfaces of the pump. On shutdown of the pump these surfaces cool, the 
depo&tte also cool and solidify wfthin th& pump- Where such d^»sits are 
located In clearance regions between componentSi they can cause the pump 

20 to seize up such that restart is Inhibited or even prevented, 

■ 

Similar problems can be encountered In a number of sOTilconductor 

* 

processes ttiat use vacuum pumps, espedally those In the chernlcal vapour 
deposffion (CVD) category. Such processes can produce a significant 
amount of by-product material. This can be m the form of powder or dust, 
25 which may remain loose or become compacted, or In the fomi of hard solids, 
especially If the process gas is condensable and sublimes on lower 

■ 

temperature surfaces- This material can be formed in the process chamber. 
In the foreline between the chamber and the pump, and/or in the vacuum 
pump Itself, tf such material accumulates on the internal surfaces of the 
30 pump during fte operation, this can effectively flU the vacant running clearance 
between the rotor and stator elements on the pump, and can also cause 

1 
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spikes in the current demand on the motor of the vaouum pump. If this 
continues unabated, then this build-up of solid matertal c^n eventually cause 
the motor to become overloaded, and thus cause the control system to shut 
down the vacuum pump. Should the pump be allowed to oool down to 
5 ambient temperature, then this accumulated material wiU become compressed 
between tiie rotor and stator elements. Due to the relatively large surface 
area of potential contact that this creates between VhB rotor and etator 
elementSi such compression of by-product material can increase the frictional 
forces opposing rotation by an order of magnitude. 

10 In order to release tiie rotors In prior art pumps, a facilHy is provided wher^ 
a bar can be inserted into sodcets attached to the primary shaft of the rotor 
though an access panel. This bar is used as a fever to try to rotate the shaft 
and release the mechanism such tiiat the machine can be restarted. This 

ft 

levering system allows more rotational force to be applied to the internal 
15 components than could be exerted by the motor. Such force will be 

transmitted to the rotor vanes and the associated stnessss may prove to be 
detrimerrtal to the structure of the rotor. If ^is system fails to release the 
mechanism it is then necessary to disassemble the apparatus such that a 
liquid solvent can be poured Into the pump casing to dissolve the rssidue to a 
20 level vvhere the sha^ can be rotated mar\ualfy. This disa^embly not only 
causes the pump to be off line for a certain length of time, but rt then must be 

re-commissioned and re-tested to ensure the reliability of the connections to 

** 

the surrounding apparatus. 

It is an aim of the present invention to overcome the aforementioned problems 
25 associated with pump technology. 

The present invention provides a pump comprising a rotor element and a 
stator dement; a housing enclosing the ei^ents and havmg an inlet for 
receMuig pumped fluid, and downstream from the inlet, at least one port; and 
3D means for injecting, into the housing via sard at (east one ports fluid for acting 
on deposits located on the element surfaces to enable said deposits to be 
removed therefrom. As the port(s) are located downstream of the inlet» any 



2 
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fluid injected on 1t\^ n^tor and stator elements can b9 directly injected into Ifie 
swept volume to Impinge on the surfaoee of these elements. This can 
significantly improve cleaning efficiency in comparteon to a ^stem where the 
cleaning fluid (s introduced via the houi^ng inlet for pumped fluids. Where 
5 many ports are provided, these may be located in an array. For exarnple, the 
porte may be located r^drally about the hou^ng, and/or may be Icx^ed along 
the length of the rotor element. 

The housing may comprise an inner layer and an outer layer between which a 
cavity may be formed. In operation of the pump a liquid may be passed 
10 through tinis ca^^. The inner layer of the housing may act ae the stator of the 
pump. 

The port may include a no^zie through which. In use, fluid ie sprayed, this 
nozzle may be integrally formed within the portp 

The pump may be a screw pump comprising two threaded rotors in which 
15 case the port(e) may be located after the first two complete turns of tliread of 
the rotors fnom the Inlet end of the rotor. Alternatively the pump may be a 
Northey ffelaw^ pump or a Roots pump. 



The fluid may be a liquid or a vapour. The fluid may be a solvent for 
20 dissolving residue collected on tfie rotor when the pump is in use or it may be 
steam. The fluid may comprise a reactlvd substance for rsacting wHii the 
deposits, and may comprise, for example, a halogen. Such fluid be 
particularly useful as a cleaning fluid when the pump Is ussd as part of a CVD 
process to remove solid by-products of the CVD process. 

25 

Thus, the present Invention also provides a pump comprising a rotor element 
and a stator elemoit; a housing ^closing the elements and having at least 
one port; and means for injecting, into the housing via said at least one port, a 
fluid comprising a reactive substance for reacting with particulates located on 
30 the element surfaces to enable said particulates to be removed therefrom. 



3 



23.SEP.2003 12:27 BOC IP DEPT. WINDLEHHflM . . NO. 314 P. 7 

M02B165-1GB/ASB 

Tha fluid may comprise a halogen, for example fluorine, and may be a 
fluorinated gas, such ad a parfiuorinated gas. E;amples of such fluid include 
CIFs, Fa, and NFs, 

The invention thus extends to chemical vapour deposftlon apparatus 
s oompifsing a process diamber and a pump acoording to any preceding claim 
for evacuating the process chamber, wherein. In use, the deposits are a by- 
product of a chemical vapour deposlb'on process. 

According to the pr^ent mventfon there is further provided a method of 
managing deposits within a pump, ttie pump comprising a rotor element and a 
10 stator element, and a housing enclosing the elements and havrng an inlet for 
rei^fvlng pumped fluid, and downstream from the frilet, at least one port, the 
method comprising Injecting, Into tiie housing via $ard at least one port, fluid 
for acting on deposits located on the element surfaces to enable said deposits 
to be removed flierefrom* 

The present Invention also provides a method for managing deposits within a 
pump, the pump compris^g a rotor element and a stator element, and a 
housing enclosing the elements and having at least one port; the method 
comprising injecting, into the housing via said at least one port, a fluid 
comprising a reactive substance for reacting with particulates located on the 
eiemerrt surfaces to er»ble said particulates to Im removed therefrom. 

The ddiivery of fluid may occur at predetermined intervals during operation of 
the pump, for example, using solenoid valve control. Furthermore a 
monitoring step may ba performed wherein the perfomnance of the pump rs 
monitored, for ^cample, by measuring at least one of the group of rotor speed, 
75 power consumption, and volumetric gas flow rate. These measured 

parameters may be used to determine the extent of accumulation of deposits 
on the internal working surfaces of the pump, A fluid flow rate may then be 
calculated, this rate being that of ttie delivered fluid that would ba sufflcient to 
compensate for the quantity of accumulated depos%$ as determined above. 
30 Subsequerrtfy, the flow rate of fluid t:>eing delivered to the rotor may be 
adjusted to reflect the new calculated value. 

4 
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According to the present Invention there is further providecf a method for 
managing deposite wfthin a pump mec^aniem by introdudng fluid suitable for 
dissolving, diluting or othanitflse disengaging deposfts which have 
accumulated on tfie internal working surfaces of tiie ptanp, the method 
5 comprising the steps of: 

(a) monitoring the performance of tfie pump, for exampte, by recording 
at least one of the group of rotor speed, power consumption, and 
volumetric gas flow rate; 

(b) calculating the rate of accumulation of deposits on the internal 
JO working surfaces of the pump based on the rnonitored performance; 

(c) calculating a fluid flow rate re«[uired to compensate for the 
accumulation of deposits as detennined in step (b); and 

(d) effecting an adjustment of the flow rate of fluid being delivered to 
the rotor to reflect the oaiculated value from step (o). 

15 The pump may be inoperative as the fluid Is delivered, for e^mple where 
seizure has occurred or where cleaning peads to tal«e place. In this case, ttie 
method may further involve applying torque to the rotors of the pump In order 
to overoome any remaining impeding force potentially caused by deposrts 
located on the Internal worlting components of the pump. Under certain 

20 conditions, for example where tije m^erial being transported is psriicularty 
viscous or waxy and this viscosity may reduce with an increase in 
temperature, the method may ftirther Involve the Introduction of themmal fluid 
Into a cavity provided within the housing of the pump, where this cavity 
dnclrx;les the rotor components. This thermal fluid may be heated. In order to 

25 raise ihe temperature of the fluid and the deposits sufficiently to release the 
deposite prior to applying the torque as discussed above. 

The controller of the diy pump apparatus may comprise a microprocessor 
which may be embodied in a computer, which In turn is optionally 
programmed by computer software which, when installed on the computer, 
30 causes it to perfonm the method steps (a) to (d) mentioned at>ove. The carrier 
medium of this program may be selected from but is not strictly llmted to a 
floppy disk, a CD* a mlni-dlso or digitel tape. 
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An example of fli© present Invention will now be described with refarence to 
the accompanying drawings in which: 

Figure 1 illustrates a schematic of a screw pump of the present invention; 

5 

Figure 2 illustrates a schematic of a double-ended screw pump of the present 
invention; 




I 



Figure 3 rs an end sectional view of the pump of Figures 1 and 2; 

' Figure 4 is a detailed-view of a eeotron of a waier jacket that illustrates the 
implementation of an injection port; and 

Rgure 5 Illustrates an arnstngement for supplying fluid to a pump 

Whii^the example pump^ illustrated in Figures 1 and 2 are screw pumps H is 
IS envisaged that this invention can be applied to any type of vacuum pump, in 
particular claw pumps. 



It . « 



In the example of Figure 1^ two rotors 1 are provided within an outer housing 5 
that serves as the si^or of the pump. The two contra-rotating, intemieshrng 

I 

•rotors 1 are positioned such that their central axes fie parallel to one another. • 
20 The rotors are ntounted through bearings 1 0 and driven by a motor 1 1 (shown 
in Figure 2). injection ports 2 are provided along the length of the rotor, in the 
I examples of Figures 1 and 2 (shown as solid Unas in Figure 3) these ports 2 

are located laterally within the pump on the opposite side of the rotors from 
the intermeshing region of the rotors. However, the ports may be |»sftioned 
2$ at any radial location around the stator 5. Some of these locations are 
illustrated in Figure 3. 



The ports 2, which may contain nozzles to allow the fluid to be sprayed, are 
pref6rab^/ distributed along the length of the stator component 5 such that the 
solvent or steam can be easily applied over the entire rotor. Aiternatwely, this 
30 distn"bution of ports allows the fluid to be readily wncentrated in any particular 
problem area that may arise. This is espedaily important when solvent is 
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tnjected during operation, in order to limit the Impact on pump perfomnance. 
If, for example, a slngls port was to be used at the inlet 3 of the pump, this 
may have a detrimental effect on the capacity of byproducts that could be 
transported away from the evacuated chamber (not shown) by the pump* By 
5 bringing solvent into contact with the rotor 1 after the first few turns of the 
thi^di the Hkelttiood of bacl<ward contamination of the solvent into the 
chamber will be reduced. 

Furthermore, whsre solvent is introduced In the inlet region of the pump, the 
pressure is such at the inlet that there is an Increased risk that the solvent will 

AO flash. In processes where It is necessary for the solvent to remain in liquid 
phase the solvent must be Introduced closer towards the exhaust region of the 
pump where the pressures will have risen. As solvent is Introduced through a 
number of ports 2 along the length of the stator, the overall effect is to 
gradually increase the quantity of solvent present, as the lll<ellhood of n^sldu© 

15 build up on the rotor 1 Increases towards the ejdiaust stages. An additional 
benefit may be seen in some configurations where addition of liquid into the 
final turns of thread of the rotor will act to seal the dearanoes between the 
rotor and Vne stator In fliis region of the pump. Thus leakage of gas will be 
substarrtlaliy reduced and performance of the pump wlli be improved. 

20 In some processsSi it Is not appropriate to Introduce solvent during operation 
ae the vraste producte from the evacuated chamber are collected at the outlet 
of Ihe pump for a particular purpose and thi$ material ought not to be 
contaminated. Cither applications may not result In levels of residue that 
wanant ccm^iant Injedtion of solvent during operation. In these cases, and 

25 where an unplanned shut down of the pump occurs such that standaiti 
practices, such as purging, are not followed, the residue from the process 
cools down as the apparatus drops in temperature. In these ciroumsfanoes a 
seizure of the mechanism may occur as depoats buHd up and become more 
viscous or solkiify. In a s^tem accondtr^ to the present invention, the 

50 injection ports 2 can b© used to introduce a solvent Into the stator cavity 6 in a 
distributed manner wittiout needing to go to the expense or Inconvenience of 
disassembling the apparatus. Once the solvent has acted upon the deposits 

7 
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to either soften or dissolve therrii the shaft may then be rotated either by using 
the motor or manually to rel^ise the componerrts without applying excessive, 
potentially damaging, force to the roton 

Delivery of fluid may be perfonndd through dmple ports as liquid is drip-fed 
5 through a hole in the housing or nozzles may be provided through which the 
fluid may be sprayed. Control systems may be introduced sudi that the 
solvent delivery can bd performed in reaction to the changing conditions iseing 
experienced within the confines of the pump apparatus. For exanH>te, in the 
arrangement shown tn Rgurs 5, a control system 20 supplies cleaning fluid, 
10 for example, stag© by stage, to the porte 2 ol pump 21 via supply condute 22, 
As indicated at 24^ a purge gas may also be provided for supplying a 

purge gas, such as nitrogen to the pump 21. 

Where the process material is waxy orfatty, compatible solvents will need to 
15 be introduced to perform the dilution/cleaning function. Such solvents may l» 
provided in liquid or vapour fomi. Any compatible, effective cleaning medium 
may be used euch as xylene in the case of hydrocarbon based/soluble 
products or water in the case of aqueous based / soluble products, 
altemativeiy» detergente may be used. 

ft 

20 ... ... 

Where Hie process material te a by-product of a CVD process, the cleaning 
fluid may comprise a f luorinated gas. Examples of such cleaning fluid 
include, but are not lestricted to, ClFa, Fg, and NF3. The high reactivity of 

fluorine m$ans that such gases would react with the solid by-products on the 
25 pump mechanism, in order to allow the by-products to be subsequently 
flushed from the pump with the exhausted gases. To avoid con^oslon of 

internal components of the pimip by the fluorinated gases, material need to 
be carefully selected for use In forming components of the pumpj such as the 
rotor and stator elemanis, and any elaetomeric seals, which would come into 
30 contact with the cleaning gas. 

The housing 9 as Illustrated in Rgure 3 Is provided as a two-layer skin 
construction, an inner layer 6 and an outer layer 9. It is the inner layer 6 that 

8 
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20 



acts as the stator of the pump. A cavity 7 is provided between the layers 6, 9 
of the housing 5 suoh that a cooling fluid, such as water, can i>e circulated 
around the stator in order to conduct heat away from the woritlng section of 
the pump. This cavity 7 is provided over the entire length of the rotor i.e. over 
Bie inlet region 3 as well as the ^auet region 4. Under circumstances where 
the pump has beoome seized due to cooling of tiie rotor which. In turn, 
solidifies residues on the surfaces between the rotor and the stator, the 
'cooling liquid' In the cavity 7 of the housing 5 may be h^ed to raise ttie 
temperature of the rotor 1 . This can enhance the pliability of the residue and 
may assist In releasing the me(*anism. The housing 5 is provided with pillare 
S-of solid material through the cavity 7 ai oniJ^rto provide regions where • 
injection ports 2 can be formed. - 

The pre^nt Invention Is not restricied for use In screw pumps and may readily 
be appRed to other types of pump such as Northey f claw^ pumps or Roots 



IS pumps. 



In summary, a pump comprises at le^ one rotor 1. a s&tor 5 and a housing 
5, the rotor 1 being enclosed by the housing 5. The housing 5 comprises at 
least one pat 2 extending through the housing 5 to enable delivery of a fluid 
cDrectly onto a suri^oe of the at least one rotor 1 . 

It is to be understood tfiat the fbrsGpIng represents just a few embodiments of 
the Invention, otheis of which will no doubt occur to the sidlled addressee 
without departing from the true scope of the invention as defined by the claims 
appended hereto. 
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Claims 

A pump oomprising a rotor element and a stator etemant; a housing 
enclosing the elements and having an inlet for receiving pumped 
flukf, and down$tream from the inletj at least one port; and mean$ 
for injecting, Into the housing via said at least one port, fluid for 
acbng on deposits located on the element eurfaoes to enable said 
depoette to be removed therefrom. 

A pump according to Claim 1 , comprising a plumllty of said ports. 

A pump according to Claiim 2, wherem flie ports are located radially 
about the housing. 

A pump according to Claim 2 or 3, wherein the ports are located 
along ^e length of the rotor element 

A pump according to any preceding daim, wherein at least one of 
the ports includes a nozzle through which, in use^ fluid is spuayed. 

A pump according to Claim 5, wherein the nozzle is integmily 
formed xMtin the port. 

A pump according to any preceding daim, wherein the housing 
comprises a two skinned wall, a cavity being formed betwean an 
Inner skin and an outer skin of the wail, through which, in use, a 
liquid may be passed. 

A pump ac»?rding to claim 7, wherein the inner skin of the housing 
provides the stator element. 

A pump according to any preceding cl^m, wherein the pump is a 
screw pump comprising two threaded rotor elements. 

10 
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1 0. A screw pump according to Claim 9, wherein the at least one port Is 
located after the firet two complete turns of thread of the rotor 
elements from the inlet. 

11. A pump according to any of claims 1 to 8, wherein the pump Is a 
claw pump. 

1 2. A pump accofxlfng to any of claims 1 to 8. wherein the pump is a 
Roots pump. 

13. • A pump aceoKlIng taany preceding dalm, wherein the fluid Is a • • • 

liquid. 

1 4. A pump according to any preceding dalm. wherein the fluid Is a 
solvent for dissolving paitlcxilates collected on the rotor element 
when the pump is In use. 

15. A pump accoixSIng to any of Claims i to 1 2, wherein the fluid is a 



16. A pump alooording to Claim 1 5, wherein the fluid is steam. 

1 7. A pump acoordfrig to any of Claims 1 to 1 5, wherein the fluid 
comprises a reactive substance for reacting wrfth the partioulalea. 

1 8. A pump comprising a rotor element and a stator element; a housing 
enclosing the elements and having at least one port; and means for 
injecting, into the housing via said at least one port, a fluid 
comprising a reaoUve substance for reacting with particulalss 
located on the element surfaces to enable said particulates to be 
removed therefrom. 

19. A pump accoKflng to Qaim 1 7 or 1 8, wherein the fluid comprises a 
halogen, su^ as fluorine. 

11 
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20. A pump according to any of Claims 17 to 1 9, wherein ihe fluid 
comprises one of CIF3, Fa* and NFg- 

5 21 . Chemical vapour deposition apparatus compridng a process 

chamber and a pump according to any preceding claim for 
evaojating the process chamber, wherein, In use, the deposits are 
a by-product of a chemical vapour deposition process. 

10 22. A method of managing deposits within a pump, the pump 

• comprising a rotor element and a stator element, and a housing 
enclosing the elemente and having an inlet for receiving pumped 
fluid, and downstream from the inlet, at least one port, the method 
comprising Injecting, Into the housing via said at least one port, fluid 

15 for acting on deposits located on the element suriaces to enable 

said deposits to be removed therefrom. 

23. A metliod according to Claim 22, wherein fluid is injected from a 
piuralHy of said ports. 

20 

24. A mothod according to Claim 23, when^n the p5ils are located 
radially about the houatng. 

25. A method according to any of Ciainns 22 to 24, wharam the ports 
25 are located abng the length of the rotor element. 

26. A method according to any of Claims 22 to 25, wherein the fluid is a 
liquid. 

30 27. A method aooording to any of Clalnns 22 to 26, wherein the fluid is a 

solvent for dissolving particulates collected on tfie rotor element 
when the pump is in use. 
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28. A method accoitiing to any of Claims 22 to 25, wherein the fluid is a 



29. A method acooniing to Claim 26. whenaln the fluid i$ steam , 

30, A method aooortling to any of Claime 22 to 29, wherein the fluid 
comprises a reactive substance for reacting with the particulates. 



31 . A method for managing deposits within a pump, the pump 
comprising a rotor element and a slater element, and a housing 
enclosing the elements and having al least -one port; the method 
oompri^g InjeoUng, into the housing via said at least one port, a 
fluid comprising a reactive substance for reading with particulates 
located on tie element surfaces to enable said particulates to be 
removed therefrom. 

32. A method according to Claim 30 or 31 , wherein the fluid comprises 
a halogen, such as fluorine. 



20 33. A pump aooording to any of Claims 30 to 32. wherein the fluid 

comprises one of CIFa, Fg, and NFs- 

34. A method accoreling to any of Claims 22 to 33, wherein the fluid is 
injected at predetermined intervals during operation. 

25 

35. A method according to any of Claims 22 to 34> comprising the steps 

of: 

(a) monrtoring the performance of the pump; 

(b) detemiining the accumulation of dsposits on the internal element 
30 surteces based on the monitored performance; 

(0) calculating a fluid flow rate required to oompenrate for the 
accumulation of deposits as determined In step (b); and 

(d) adjusting the flow rate of injected fluid to reflect the calculated 
value from step (c). 
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36. A method for managing deposits within a pump mechanism by 
introducing fluid suitable for dissofvingj diluting or otherortse 
disengaging deposits which have accumulated on the internal 

s working surfaces of the pump, the mettiod comprising the steps of 

(a) monitoring the perfomiance of tiie pump, (b) calculating the rate 
of accumulation of deposits on the Internal woricing surfaros of the 
pump based on the monitored performance, (c) calculating a fluid 
flow rale required to compensate for the accumulation of deposits 

10 as determined In step (b), and (d) effecting an adjustment of the 

flow rate of fluid being delivered to the rotor to reflect the calculated 
value from step (c). 



15 



37. A method according to Claim 35 or 36, wherein the pump Is 

Inoperative as the fluid is delivered, the method TOmprising the step 
of appljing torque to rotors of the pump to overcome any remaining 
impeding force. 



98. A method according to Claim 37, comprising the steps of 
20 Introducing a thermal fluid into a cavity provided within the housing 

of the pump, tha cavity encircling the rotors, and heating the thermal 
fluid in *ie cavity to raise the temperature of the fluid and the 
deposits sufficiently to release the deposits prior to the torque 
applying step. 

23 

39. A computer program which, when Installed on a computer, causes 
the computer to perform the method of any of claims 22 to 38- 

40. A computer readable camer medium which cam'es a computer 
50 program as claimed in claim 39. 

41 . A computer readable canier medium according to claim 40, wherein 
the medium is selected from; a floppy dtsk, a CD, a mini-disc or 
digital tape. 

14 
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ABSTRACT 



PUMP CLEANING 



A pump comprises at least one rotor 1, a stator 5 and a housing 5. the 
rotor 1 being endosed by the housing 5. The housing 5 comprises at least 
S one port 2 extending through the housing 5 to enable delivery of a fluid 
directly onto a ^rface of the at least one rotor 1 . 

(Fig. 1) 
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Figure 1 
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Figure 2 
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